DOCUMENT RESUME 



ED 040 284 



VT 011 157 



TT^LE 

INSTITUTION 



PUB DATE 
NOTE 

AVAILABLE FROM 



Manpower and Training Needs in Water Pollution 
Control. Senate Document No. 49. 

Congress of the U.S. f Washington, D.C* Senate.; 
Department of the Interior, Washington, D. C. 
Federal Water Pollution Control Administration. 

2 Aug 67 
52p. 

Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (90 Senate 
Doc. 49, $.20) 



■pp RS PRICE EDRS Price MF~$0„25 HC Not Available from^EDRS. 

DESCRIPTORS Educational Needs, Educational Opportunities, 

Educational Programs, ^Environmental Education, 
^Environmental Technicians, ^Federal Legislation, 
^Manpower Needs, Manpower Utilization, Professional 
Personnel, Recruitment, Subprofessionals, *Water 
Pollution Control 



au of Census employment data. After analysis of present manpower 
urces and future requirements, educational and training needs. 



ABSTRACT 

To determine trained manpower needs and training 
resources in the clean water field, data were gathered from 
interviews with state and federal agencies as well as the Water 
Pollution Control Federation, from prior manpower reports, and from 
Bure 

resources and future requ 

training programs and opportunities, and personnel utilization and 
recruitment it was concluded that: (1) Total industry and government 

demands for engineers and scientists will probably exceed the supply 
for the next several years, (2) There is a continuing need for 
upgrading and updating professional skills through short-course 
and (3) Existing programs for the training of sewage 
plant operators are inadequate in both quality and 
Some corrective actions to be effected by the Federal Water 
Control Administration (FWPCA) include: (1) continue FWPCA 

support of programs for training graduate students in 
specific water pollution control disciplines, (2) encourage 
assist states in placing greater emphasis on training, and 
improve the conditions of employment for operators 
plants. (SB) 
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SENATE RESOLUTION 158 



Submitted by Mr. Randolph of West Virginia 



In the Senate op the United States, 

.. Agreed to August 31, 1967. 

Resolved , That there be printed as a Senate document the report 
“Manpower and Training Needs of the States and of Local Govern- 
ments in Water Pollution Control”, of the Secretary of the Interior, 
in compliance with the provisions of Public Law 89-753, the Clean 
Water Restoration Act of 1966; and that there be printed two thou- 
sand five hundred additional copies of such document for the use of 
the Committee on Public Works. 

* — - Attest: 



Francis R. Valeo, 

Secretary. 
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FOREWORD 



The true strength of a nation rests in its people. Their imagina- 
tion, ingenuity, and skill have given us an incomparable establish- 
ment for the national defense, world leadership in agriculture, and 
outstanding capabilities in almost every aspect of construction, 
industry, and space exploration. We have the demonstrated capa- 
bilities and the resources to build superior ships, machines, factories, 
aircraft, and hospitals. Still, it is always the skill of people which 
transforms inanimate buildings and machines into productive devices. 
The Nation's efforts to clean up and preserve its water resources are 
no exception. In the last analysis, the success of this effort will also 
be determined by people. 

This need for trained personnel in the clean water field has become 
particularly demanding in recent years. The construction rates of 
both municipal and industrial waste treatment plants have been 
accelerated. Treatment plants have grown larger and more complex 
and— as with aircraft and vessels — require more highly trained op- 
erating staffs. Better and more reliable treatment of wastes is neces- 
sary to provide the clean water being demanded by the public. But 
this is only the beginning. 

The 1965 and 1966 amendments to the Federal Water Pollution 
Control Act are generating further increases in demands for trained 
personnel of all types. For example, the appropriation authority for 
financial assistance grants to communities for the construction of 
waste treatment facilities will increase sixfold by 1971 when it reaches 
a level of $1,250 million. The resulting program acceleration produces 
demands for personnel by consulting engineers, State agencies, and 
municipalities. Industry will also expand waste treatment facilities 
to meet the requirements of the water quality standards developed 
in accordance with the Water Quality Act of 1965. The entire clean 
water program would be delayed if significant manpower shortages 
were to develop or if the available manpower were not adequately 
trained for the jobs which must be done. 

In recognition of this problem, the Congress has directed that a 
national study be made of trained manpower needs and training re- 
sources. The Clean Water Restoration Act of 1966, which became 
effective on November 3, 1966, provided that: 

The Secretary shall also make a complete investigation and study to deter- 
mine (1) the need for additional trained State and local personnel to carry out 
programs assisted pursuant to this Act and other programs for the same purpose 
as this Act, and (2) means of using existing Federal training programs to train 
such personnel. He shall report the results of such investigation and study to 
the President and the Congress not later than July 1, 1967. 

This report has been prepared in response to this congressional 
directive. The data on which this report is based were obtained from 
a variety of sources, including interviews with State agencies; prior 
manpower reports prepared by other agencies; discussions with Fed- 
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oral agencies conducting training programs; Bureau of the Census 
employment data; a recent report on State water pollution control 
manpower needs prepared by the Public Administration Service under 
a contract with the predecessor agency of the Federal Water Pollu- 
tion Control Administration; and discussions with the Water Pollu- 
tion Control Federation, a professional organization active in the 
waste treatment field. 



MANPOWER AND TRAINING NEEDS IN WATER POLLUTION 

CONTROL 

Part I, The Repoet in Bbief 

THE NATIONAL INVESTMENT 

Within the last few years the Nation has committed itself to a 
greatly accelerated program to clean up and preserve its water 
resources. It is estimated that national expenditures for facilities 
to treat industrial and municipal wastes have amounted to over $1 
billion in the past year and $9 billion in the past 14 years. This is only 
the beginning; even greater expenditures will be required in the years 
ahead. Maintenance and operation will also lead to continuing ex- 
penditures of large sums by municipalities and industry. The return, 
m the form of clean waters which the public receives from this invest- 
ment, will depend largely on the availability of trained and qualified 
manpower. 

THE PBKSONNEL EQUATION 

The next few years will witness a rapid increase in demands for 
personnel of all types in the clean water program. This need will extend 
from postgraduate trained scientists and engineers to the staff re- 
quired for day-to-day operation of thousands of sewage treatment 
plants. No single geographic area will be exempt from this need. 

Solution of the personnel equation requires knowledge of current 
and estimated employment, training needs, and those factors which 
■ influence initial recruitment and determine turnover rates. The 
following pertinent facts have been developed : 

1. The current levels of employment have been determined and 
future needs estimated for qualified professional employees, tech- 
nicians, and sewage treatment plant operators to staff State and local 
agencies. In every case, the estimates are believed to be highly con- 
servative and are exclusive of replacement needs. It has been found 
that— 

(а) About 3,600 scientists, engineers, and related professionally 
trained personnel are now employed by State and local agencies. 
By 1972, about 9,000 should be employed. Thus, a minimum of 
5,400 additional trained professionals will be needed by State and 
local agencies within the next few years, an increase of 150 per- 

, cent. Increasing complexity of pollution problems will un- 
doubtedly require that many of these future employees have a 
higher degree of training and that more professional disciplines 
be represented than in present-day operations. 

(б) About 2,600 technicians are now employed by State and 
local agencies for work in laboratories and in the conduct of 
Held studies. It is estimated that about 6,500 will be needed by 
1972. This represents an increase of 3,900 over a 5-year period; 
that is, of 150 percent. 
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t (c) Approximately 20,000 persons are employed for the opera- 
tion of municipal sewage treatment plants. An estimate of needs, 
based on the authorized increases in Federal finanical support to 
communities for construction, indicates 30,000 trained operators 
will be needed by 1972. 

(d) An additional 50,000 persons are employed as operator 
assistants and in maintenance of sewerage systems. 

2. The personnel needs of State and local agencies cannot be con- 
sidered independent of the total personnel needs of other employers 
in the field. Consulting engineers, suppliers of chemicals and equip- 
ment for waste treatment plants, and Federal agencies also have sub- 
stantial demands for trained personnel. These employers, essential 
to the national clean water efforts, compete directly with State and 
local agencies for manpower and for use of training resources. As such, 
they must be taken into account t^ obtain a balanced understanding 
of the trained manpower equation. For example: 

(а) It is estimated that 12,000 plant operators and 0,000 pro- 
fessionals will be required in 1972 for the 6,000 industrial waste 
treatment plants. This compares with a 1907 estimated employ- 
ment of 1,700 professionals and 3,500 plant operators. The man- 
power requirements for industry will probably increase 250 per- 
cent by 1972. 

(б) It is expected that needs by consulting engineers’ firms for 
engineers and other professionals will increase from today’s 
6,000 to 21,000 by 1972. Also, consulting engineers are likely to 
need 15,000 more technicians. 

3. The number of personnel employed and needed tells only part 
of the story. There is convincing evidence that levels of training and 
degrees of skill are at least equal in importance. Personnel who are 
not adequately trained, or whose training is out of date, are unlikely 
to be able to carry out their job responsibilities at acceptable levels of 
competence or efficiency. 

The levels of technical training for professional employees are gen- 
erally satisfactory, although there is a continued need for educational 
updating to keep pace with new developments. However, the skill 
levels of many sewage treatment plant operators are unsatisfactory. 
In many instances, the responsibility for operating costly sewerage 
systems has been relegated to poorly trained and poorly paid personnel. 
The result is continued pollution of the Nation’s water and an unsatis- . 
factory rate of return on the public’s clean water investment. 

CURRENT USE OP TRAINING RESOURCES 

A great many agencies of Federal, State, and local governments 
have programs dealing with university-level education, vocational 
training, and short-course training. In general, these efforts fall into 
two major classes: (1) support of higher education or vocational 
training and (2) conduct of specialized training, including short 
courses. A detailed review of all the professional discipline needs of 
the clean water program could not be undertaken in the time available 
for the study. The report, therefore, deals only with those training 
programs oriented directly to water pollution control: 

1. The Federal Water Pollution Control Administration's training 
efforts are directly oriented to water pollution control personnel. They 
include: 
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(a) Graduate training grants and research fellowships to 
universities and individuals for the training of engineers and 
scientists. 

(b) Research grants awarded to universities for conduct of 
specific research projects. These awards also have the long-term 
effect of increasing the supply of highly trained scientists and 
engineers through indirect support for graduate students. In 
1966, a total of 269 grants supported an estimated 431 graduate 
students. 

(c) Technical training and facilities grants to technical-voca- 
tional schools and junior colleges to train technicians and sewage 
treatment plant operators. (This program is scheduled for initia- 
tion in fiscal year 1968.) 

(d) Encourage States to place increased emphasis on training 
programs. This action reflects the Clean Water Restoration Act 
of 1966, which emphasizes the importance of including training in 
State programs receiving support from program grants. 

(e) Short-course training for all levels of employees. These 
courses are generally used for the updating and upgrading of skills 
and professional knowledge. 

2. The Office of Water Resources Research of the U.S. Department 
of the Interior has provided grant support for establishment of water 
resources centers in each State. These centers are making a substantial 
contribution to the training of professionals in all aspects of water 
resources, including pollution control. In the 1966-66 school year, 
13,650 water-oriented students were enrolled in participating insti- 
tutions. 

3. Most State water pollution control agencies now offer some 
short-course training for sewage treatment plant operators. The 
Water Pollution Control Federation reports that these courses, 
.offered by 43 States, reach about 8,000 operators each year. The 
generally unsatisfactory levels of operations and maintenance of 
waste treatment plants suggest that these efforts fall far short of 
meeting qualitative requirements. This anomaly focuses attention on 
the need for continuing review of the effectiveness of such courses in 
terms of improved operation of waste treatment plants. 

4. The Missouri Water & Sewerage Technical School at Neosho, 
Mo., has achieved a nationwide reputation for the quality of its 
training programs and might serve as a model facility for other regions. 
This institution receives direct or indirect financial support from 
State and local agencies, consulting engineers, the suppliers of chemi- 
cals and equipment, Federal Water Pollution Control Administration, 
and U.S. Department of Labor. 

5. Comparison of present training activities with personnel needs 
leads to the conclusion that present efforts are inadequate, particularly 
in the training, of operators for waste treatment plants. Unless cor- 
rective action is taken, this imbalance "will continue to increase due 
to expanding program demands for trained personnel by all classes 
of employers involved in the clean water program. However, corrective 
action must be concerned with both the quality and quantity of the 
training efforts and must seek continually to apply new training 
methods and concepts. 
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4 MANPOWER NEEDS IN WATER POLLUTION CONTROL 

RECRUITMENT, RETENTION, AND UTILIZATION 

In the last analysis, the availability of trained manpower at the 
point of need will— despite training programs — be determined by 
such factors as salary levels, job prestige, merit system coverage, 
opportunities for advancement, and public acceptability and com- 
munity status of jobs in the clean water field. Any approach to the 
problems of manpower which ignores these very practical considera- 
tions would be incomplete. Numerous opportunities also exist for 
improving employee productivity through job analysis, increased 
automation, and redesign of facilities. Examples of problems and 
opportunities include : 

1. Conditions of employment; There is convincing evidence that 
the current high vacancy rates in some State agencies arG due to non- 
competitive salaries rather than a shortage of qualified individuals. 
Poor salary structures and lack of merit system coverage are also 
major factois in recruitment and retention problems of sewage treat- 
ment plant operators. In addition, the very nature of many jobs 
connected with sewage treatment plant operation have a relatively 
low level of prestige and community acceptance. 

2. Operator licensing: Experience has shown that mandatory 
licensing of treatment plant operators upgrades the positions and 
thereby minimizes problems of recruitment and retention. Operator 
licensing has the combined effect of upgrading skills — necessary for 
effective operations — and upgrading job classifications, necessary for 
the attainment of competitive salary levels. 

3. Increased use of automation: Numerous opportunities exist 
throughout the water pollution control field for the application of 
automation techniques both to reduce total manpower needs and to 
reduce the skill levels required in specific situations. These oppor- 
tunities — present in professional, technician, and treatment plant 
operator employment classes — include the use of computers for 
routine engineering calculations and preparation of repetitive detailed 
drawings. These opportunities also include the use of remote sensing 
devices for stream monitoring, laboratory analysis, and the operation 
of waste treatment plants. 

4. Use of technicians and general reductions of skill requirements: 
The productivity of highly trained engineers and scientists can fre- 
quently be improved through increased use of professional adminis- 
trators, technicians, and other supporting personnel. Job analysis 
techniques can also be used to identify the skill levels required to 
perform specific tasks In many cases, redesign of equipment or tasks 
can also lower the skill levels required or reduce the total demand for 
manpower. 

ACTION PROGRAMS 

The Federal Water Pollution Control Administration (FWPCA) 
is encouraging action programs to assure that an acceptable supply- 
demand balance of trained manpower will be maintained. An effective 
action program will require — 

1. Expansion of FWPCA training programs: 

(a) Initiation of training and facilities grants to technical- 
vocational schools and junior colleges for the training of tech- 
nicians and sewage treatment plant operators and for providing 
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leadership and guidance in development of programs and cur- 
ricula to be carried out by Federal and State training programs. 

(6) Continued strengthening of university training programs 
through grants and fellowships. 

(c) Encouragement and stimulation of State efforts in the 
training field through better use of State program grants. 

(d) Expansion of the present short-course training program 
now offered through Robert A. Taft Sanitary Engineering Center 
at Cincinnati, Ohio, and extension to other regions as field labora- 
tories are completed. The FWPCA training staff will also acceler- 
ate its work with State agencies and professional organizations 
in the development of training aidb of various types, including 
basic courses. 

2. Development of a cooperative Government- wide education and 
training program to make full use of existing federally assisted pro- 
grams for developing professional and vocational skills. Federal 
agencies that are concerned with higher education, occupational and 
vocational education, and the prevention of poverty, administer 
37 public laws for education and skill training, 21 for higher education 
and professional training, and 16 for nonprofessional training needs. 
Many; of these programs have considerable potential for training 
technicians and operators for sewage treatment plants; however, this 
potential is largely unexploited at present, These programs include: 

(а) The vocational education program, which in fiscal year 
1968 will train and educate an estimated 6.5 million persons at a 
Federal cost of $275.1 million; 

(б) The manpower development and training program, which 
in fiscal year 1968 will provide training for approximately 280,000 
unemployed and underemployed personnel at a cost of $347 
million; 

(c) The community services and continuing education program, 
provided under the Higher Education Act; and 

(d) The newly funded community development training pro- 
gram, provided under the Housing Act of 1964. 

The FWPCA has initiated executive-level discussions with the 
agencies administering these programs to find ways of directing 
appropriate efforts into areas of interest to the Federal Water Pol- 
lution Control Administration. 

3. Seeking to improve the stature and working conditions for 
operators of municipal waste treatment plants through extension of 
State and local merit systems and licensing of operators. The man- 
datory licensing of waste treatment plant operators has the general 
effect of upgrading job stature and salary and by upgrading the level 
of training, improving the operating effectiveness of the treatment 
plants. In the final analysis, it may be nceessary to seek an amend- 
ment to the Federal Water Pollution Control Act to require operator 
licensing for plants receiving Federal financial assistance. 

4. Encouragement, stimulation, and assistance in the financing 
and conduct of technical and management research and development 
efforts aimed at improved employee productivity, reduction of skill 
levels, and reduction of total manpower needs. Areas which seem to 
offer the best opportunities include: 
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(a) Management studies, at all levels of employment from 
senior administration to operation of treatment plants, to 
determine how current personnel resources are used and, through 
job simplification, to obtain the maximum use of available man- 
power resources. 

(b) Design of sewage treatment plants, treatment processes, 
and pumping stations to minimize maintenance needs, to make 
increased use of automation, and to reduce the skill levels 
required for adequate operation and maintenance. 

( c ) Encourage maximum use of technicians and supporting 
staff to achieve maximum use of the professionally trained staff. 

5. Establishment of an Office of Manpower and Training. This 
Office will guide, coordinate, and schedule the various FWPCA pro- 
grams concerned with manpower and training. In addition, this Office 
will be responsible for the establishment of objective goals for training 
programs, with the continuing application of systems to measure train- 
ing effectiveness (as contrasted with the number of students) and for 
stimulation of technical and management research and development 
projects aimed at increasing employee productivity. 

6. Current legislative proposals would, if adopted, have a significant 
impact on future FWPCA manpower efforts. The proposed Inter- 
governmental Manpower Act of 1967 (S. 1485 and H.R. 8233 and 
similar legislation), pending before the Congress would strengthen 
State and local government personnel systems and would greatly 
assist the development of needed personnel and job skills. The legisla- 
tion provides for — 

(a) Additional authority for Federal training and Federal 
assistance to State and local training programs. 

(b) Cooperative Federal-State and Federal-local recruitment 
and examination activities. 

(c) The interchange of employees between the Federal Govern- 
ment and the State and local governments. 

(d) The extension of merit systems to State and local employees 
as a requirement of Federal assistance. 

(e) Grants to State and local governments for government 
service scholarships. 

If this legislation is enacted, the Federal Water Pollution Control 
Administration, together with the Civil Service Commission and other 
appropriate agencies, will develop procedures for utilizing the new 
authorities in addition to ongoing efforts to provide for State and local 
governments' education and training needs. 



Part XI. Manpower 

PRESENT RESOURCES AND FU'JLURE REQUIREMENTS 

termfn¥ a «wfi r wit S ?“ a f naI > vsis , of * h ? “ e ? ds trained personnel in 
nlnnf An i (professional, technician, and sewage treatment 
plant operators) and employer classes (State and local governments 

Znnnw 118 engmeer8 ’ Emphasis has been placed on the 

manpower resources and needs of the State and local agencies* but 
h the full recognition that the manpower needs of other groups 
“ ah “ Feder ?l agencies, industry, and consulting engineer exeTa 

describe TldU krX® resource pools - The foU 0 "'ing terms are used to 

Professional: A great many disciplines are included in the 
professronal category such as chemichl, mechanical and sanitary 
nS? ln v ^ l , ^S 18 ^? biologists, marine biologists, oceanographers, 
S ri W 8 * 8 ’ economists, and public administrators. 
dl . 8cl Phnes } s continually widening, reflecting the 
growing complexity of water pollution control problems. 8 

ni„Z i C i ? nS 1 echmcians perform a wide array of tasks in- 

^,t g m “° r ^ ry a 1 i3t ' anCe ’ ."P# °. f equipment, computer 
i^u^ a j 8118 ^ 818 ’ and collection and preparation of 
2 e p!/! r laboratory examination. Educational needs include 

JnlWo r? Ca ? 0nal 8C ^?.° 1 ? r J unior college. In a few instances, 
college graduates are utilized. ’ 

broatment plant operators: These individuals are 
JflS nnrf Z Z . da -y- t0 "day operation of the sewage treatment 
?o™,u and mec b ani cal equipment, such as pumping stations and 
mZhA g + S a8eS ’ associ ated with sewer systems. In small com- 
munities, the operator may have sole responsibility for the opera- 
n of the entire system, whereas in larger cities, he is responsible 

, em J >1 °y 0 ® • The primary lerei of education is 
generally high school, technical or vocational school or iunior 

°? V 1 ? size and complexity of the plant. The 
term does not include laborers or tradesmen, such as electricians 

^ who have a secondary role in determining the 

operating effectiveness of the system. 

P 8 ^ ,? f the report deals with numbers of persons now em- 
P 7 . and the estimated needs for the 5-year planning period to 

n^AH a m ; Cludmg ? 8 5 a - y ?u 8r i?, 72, A disc ussion of skills and training 
ZuLh P /f 8ented “ the 1 Allowing part. The numbers of personnel 
trSpr £ o i! 0 ? mal .^Placements due to death, retirement, and 
PPf, 1° employment outside of the clean water field are not 

pliable data on turnover rates were not available 
and (2) evidence indicates that a substantial part of employees who 

r ^H?Z e - reem P °^ m * * n the same specialized field; that is, a con- 
ri E g ' me6 I or equipment supply firm may recruit from State or 
appenfk A 163 Addltlonal mfora iation on sources of data is included in 
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PROFESSIONAL EMPLOYEES 

Scientists, public administrators, and engineers, constituting the 
professional employment category, are employed in substantial num- 
bers by Federal agencies, State agencies, municipalities and special 
districts, consulting engineers, and suppliers of chemicals and equip- 
ment used in waste treatment and universities. Professional employees 
are also frequently engaged in overseeing the operation of waste 
treatment plants for large cities, sanitary districts, and industry. 

JJata on current employment and projected needs were obtained 
through interviews with administrators of the State water pollution 
control agencies and examination of prior manpower reports. A prior 
report on manpower needs made by the Public Administration Service 
for the predecessor agency of the Federal Water Pollution Control 
Admunstration was particularly helpful in estimating resource needs 
tor the State water pollution control personnel. Data on probable 
personnel needs for consulting engineers^ firms were obtained through 
an industrywide study conducted by a well-known consulting en- 
mneers firm. Black & Veatch, Kansas City, Mo., for the Federal 
Water Pollution Control Administration. Estimated needs for pro- 
fessional staff for the industrial waste treatment needs were computed 
on the basis of best estimates of construction needs. (A detailed analy- 
sis of personnei needs in the industrial, waste treatment field was not 
undertaken because of lack of precise information on current in- 
dustnal waste treatment needs. The FWPCA is currently undertaking 
a nationwide study of such a need in ‘accordance with section 16 of 
the Federal Water Pollution Control Act, as amended.) Estimates 
were not developed for professional manpower requirements for the 
many firms supplying chemicals and equipment for waste treatment. 

lhe projections for increased manpower requirements at all levels 

orcqdoyroent reflect the accelerated national programs called for by 
the Federal Water Pollution Control Act, as amended. This accelera- 
tion will be reflected m all elements of clean water programs, including 
the establishment and administration of water quality standards’ 
programs by all States; increased rates of construction for municipal 
and industrial waste water treatment plants reflecting increased 
authorisations for Federal financial assistance for construction and a 
growing number of federally instituted pollution abatement enforce- 
ment actions; and adoption of the river basin concepts of water 
pollution control Total employment and needs are shown in table I. 
State agencies 

Estimates for levels of current employment and needs are based 
upon direct FWPCA interviews jvith the administrators of the water 
pollution control agencies in each of the 50 States and a 1964 study 
by the Public Administration Service. 
c , y 1 ' e data generated by interviews with the approximately 250 
otate administrators and senior engineers disclosed that, for ‘ 1967, 
the States had a total of 1,728 positions, of which 368 were vacant; 
th^ is, a vacancy rate of 21 percent. 

The FWPCA survey of State personnel needs also determined the 
current needs within respective disciplines: 
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Professional disciplines 


Number of 
positions 


Number 

employed 


Number of 
vacancies 


Percent 

vacancies 


Engineers 


936 


700 


236 


25 


Administrators 


157 


140 


17 


11 


Chemists 


213 


175 


38 


18 


Microbiologists 


70 


55 


15 


21 


Aquatic biologists 


129 


100 


29 


22 


Otners 


223 


190 


33 


15 



The State administrators estimate that their programs will need 
3,422 professionals by 1972. These estimates are made by experienced 
administrators aware of the current requirements of the Federal 
Water Pollution Control Act, as amended, and reflect firsthand knowl- 
edge of workloads. However, the estimates by the State administrators 
may have been tempered by their own budgetary experience which 
might result in a tendency to understate needs. A comparison of the 
State administrators' estimates with those of the Public Administra- 
tion Service (PAS) study made in 1964 and those of the Committee 
on Environmental Health Programs, 1962, suggest that they are, in 
fact, conservative. 

The information obtained from the State administrators does not 
permit a detailed analysis of the causes for the reported vacancy rates 
nor of the length of time the positions have been vacant. However, the 
salary scales for some State agencies are not competitive and are 
probably a determining factor in producing vacancies. The salary 
problem was also noted in the PAS study conducted in 1964. 

A professional/technician ratio of about 6:0 (six professionals for 
each technician) was reported by the State administrators. This ratio 
seems high and suggests an opportunity for meeting future needs 
through more efficient use of personnel; that is, a greater percentage of 
technicians. 

The Public Administration Service study of State agency needs 
was based on an examination of general workloads and the resources 
needed to meet these workload requirements at an acceptable level. 
These estimates were then compared with actual State employment 
practices and needs in 13 States, considered to be representative of 
the range of problems encountered in the United States. The study 
indicated a professional manpower need in 1964 of 2,760 positions. 
This estimate was made prior to the 1966 and 1966 amendments to 
the Federal Water Pollution Control Act and would require an upward 
revision to reflect additional workloads. No estimates were made of 
needs for specific disciplines or levels of training required. The profes- 
sional/technician ratio varied from 5:6 to 1:0 in the 13 States which 
were studied. 

The Committee on Environmental Health Problems (Public Health 
Service, U.S. Department of Health, Education, and Welfare) con- 
ducted a study of manpower needs in 1962. The study concluded that 
there would be a need for 4,600 professional employees for water 
supply and pollution control programs in the State agencies by 1970; 
the other studies deal only with pollution control. This value is con- 
sistent with the estimates of the Public Administration Service and 
tends to suggest that the estimates made by the State administrators 
are conservative. 
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The total demand for professional manpower by the States is based 
on estimates of the State administrators. The demand exclusive of 
replacements consists of — 



Immediate needs to fill vacant positions 368 

Staff for expanded programs X, 686 

Total number of additional personnel required by 1972 2, 054 



Local agencies ( municipalities and special districts) 

Many municipalities, counties, and sanitary districts are directly 
involved in water pollution control programs. These personnel are 
engaged in long-range planning; design and supervision of construction; 
sewer maintenance and inspection; and supervision of operations of 
large waste treatment plants. The trend toward larger, centralized 
sewerage systems will affect future manpower requirements in this 
important sector of employment. 

f Direct employment data on professionals employed by municipali- 
ties in water pollution control programs were riot available. An esti- 
mate was therefore made through analysis of the 1966 Directory of the 
Water Pollution Control Federation. Approximately 1,500 profes- 
sional employees were identified by this process. This value was in- 
creased by a factor of 50 percent in recognition of the fact that many 
professionals, for example, bacteriologists, would not belong to this 
particular professional organization. On this basis, it is estimated that 
2,250 persons in various professional capacities are employed by local 
governments for water pollution control activities. 

The existence of vacancies and requirements for expansion of this 
professional group could not be studied in as much detail as for the 
State agencies. However, it is apparent that future requirements for 
personnel will be affected by construction of additional facilities for 
collection and treatment of waste water and by implementation of 
water quality standards. Employment opportunity advertisements 
carried in the professional journals indicate a well-developed current 
demand for staff. In the absence of specific data, it is assumed that the 
demand pattern will fofiow that of the States and that an increase 
of about 150 percent will take place in the 5-year period. There 
would then be a requirement by 1972 for approximately 3,250 new 
professionals trained in water pollution control work, or a total of 
5,500 professionals. This is equivalent to an annual increase of 650 
professionally trained employees per year. 

Industrial waste treatment 

Substantial numbers of professional personnel are employed by 
industry to supervise the operation and maintenance of waste treat- 
ment facilities and for making laboratory and field studies of pollution 
problems. Current employment estimates were developed by the 
'FWPCA on the basis of the number and size of existing waste treat- 
ment plants. The quantitative reliability of these estimates could not 
be ascertained by sampling procedures in the time available for the 
project. Projections of future manpower needs in the absence of 
definitive information on industrial waste treatment plant needs are 
also open to question. The Federal Water Pollution Control Adminis- 
tration is now making a nationwide study of needs for industrial 
waste treatment in accordance with the requirements of section 16 
of the Federal Water Pollution Control Act, as amended. This report, 
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tn he submitted to the Congress by January 10, 1968, will provide the 
base for a reliable evaluation of manpower needs in this important area, 

On the basis of best available information, it is estimated that 1,700 
nmfpRsionals are currently employed in industrial waste treatment 
QXrAppXiZtoly one-half of these employees are beheved to 
be° engineereand the other half, chemists .It « . - ^ted l that ap- 
proximately 6,000 professionals will be needed by 1972, an merer 
of 4,300 over the present estimated employment. 

Equipment and chemical suppliers T? 0 ^™tinn 

The 1067 Yearbook of the Water Pollution Control Federation 
lists 127 firms that hold associate membership in the federation. 
Manv of these firms have nationwide coverage through networks of 
regional offices. They undoubtedly employ substantial 
professional employees for servicing the wi aste ^tmrait • 

However, these firms also supply a variety of products and serv 
to other industries and it was not practical, m ^ tune i 
the study, to undertake a detailed examination of 
time is allocated to these various activities. I he absence oi eveu 
rough estimates of personnel needs for this field of employment adds 
another element of conservatism to the total projections. 

C ‘ TwoTecC>e^were used for developing estimates on protoional 
Arrmlnvment and needs in the consulting engineering field, (lj A re 
vZ oKhe ye^bookof the Water Pollution Control Federation which 
Ikts consulting engineers and their employment of professionals ln t-he 

Veatch, consulting engineers, for the Federal Water Pollution O 

Ad ^ereview n of the yearbook indicated that 186 consulting firms are 
active in the field ofwater pollution control. These same firms re- 
ported 5,100 professionals engaged in wa *w poU^on con^^^r t 
* their staffs This value has been increased to 6,000 on the assump 

fion^l'a^not all consulting firms’ employees l j®JJ jhA^lack 
hook This estimate is consistent in general magnitude with the JiiacK 
& ^Veatch Site which indicates that 7,650 professional personnel 

'^ConsulS'n^envmee^employ professionals in the same disciplines 
ns State and local agencies. However, the demand for civil and con- 
^ruction Engineers Is greater, both in terms of numbers and as a per- 
clXpf S employment.’ This relationshipreflectethe role of the 
consulting engineer in the actual design of waste treatment plants ana 
in overseeing construction. 

TECHNICIANS 

Technicians are employed in a v^jety of iJl^Vor^ab^^at^^v 

SnaS^ 

assistance to* professionals with more complex examinations, drafting, 

deluding computer programing; and *P|» and 
maintenance of various types 0 / equipment. As su« <■ lb they are em 
ployed by all classes of employers interested in the clean waiei 

program. 
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State agencies 

State water pollution control agencies reported to the FWPCA that 
a total of 317 technicians are employed. They also estimated that this 
need would increase to 980 by 1972. These values indicate that the 
profession al/technician ratio will decline from 6:0 to 5 :0; current State 
plans provide for only a slight increase In use of technicians to support 
professional staff. No statistics are available on disciplines needed in 
this general class of employment. ' 

Employment needs for technicians were also considered in the 
Public Administration Service study. The study concluded that a 
total of 1,240 technicians would be needed by 1972. This estimate 
was based on a professional/technician ratio of 2.2 — less than one-half 
of that reported by the State administrators for current employment. 
If the current State ratio of 6:0 were applied to the PAS personnel 
estimate, the demand for technicians would amount to 570, a value 
close to that estimated by the States. There is, therefore, reasonable 
agreement between the two studies, although the States envision the 
use of fewer technicians than recommended by PAS. 

Local agencies ( municipalities and special districts) 

Estimates of employment were developed through reference to the 
1966 yearbook, Water Pollution Control Federation. The data indicate 
that 2,250 technicians are now employed by local agencies. 

The ratio of professionals to technicians is apparently substantially 
lower in local governments than in the State agencies; that us, about 
1 :0. This difference probably reflects the somewhat different program 
responsibilities of the State and local governmental agencies. It was 
estimated that the need would increase to 5,600 technicians by 1972. 
This estimate includes the assumption that the rate of increase will 
be proportional to the rate of the State agencies and that there will 
be no substantial change in the professional/technician employment 
ratio. 

Industrial waste treatment 

Data were not obtained on the number of technicians employed in 
industrial waste treatment. However, it seemed reasonable to assume 
that the professional technician ratio for industry would approximate 
that of the local government (1:1), rather than that of the State 
governments (about 6:1); they have a higher emphasis on administra- 
tive activities. On this basis, it has been predicted that the current 
level of employment is 1,700 technicians ana that this employment will 
increase to 6,000 by 1972. These estimates can be better evaluated 
when the current national survey of industrial waste treatment needs 
is concluded by the FWPCA. 

Equipment and chemical suppliers 

Data on employment of technicians by this element of industry 
were not available. 

Considting engineers 

Technicians are used in large numbers by consulting engineers as 
draftsmen, in data analysis, and in the conduct of water quality 
studies. The ratio of professionals to technicians varies with the ske 
of the firm, but in general, it is approximately 1:0^ that is, one pro- 
fessional employee for each technician. On this basis, it is estimated 
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that about 0,000 technicians are now employed. It is estimated that 
this demand will reach 21,000 in fiscal year 1972, reflecting a greatly 
accelerated program for design and construction of municipal and 
industrial waste treatment plants. No change in the professional/tech- 
mcian ratio is forecast. 

SEWAGE TREATMENT PLANT OPERATORS 

Estimates of the current employment levels of sewage treatment 
plant operators are based on (1) an FWPCA analysis of the numbers, 
sizes, and types of sewage treatment plants and (2) an analysis of 
operator needs prepared by the Water Pollution Control Federation 
on the basis of projections by the Conference of State Sanitary 
JLngineers. rhe estimates include only those employees who, by their 
action and knowledge, determine the operational effectiveness and 
emeiency of a waste treatment system. The estimates do not include 
laborers, tradesmen, such as electricians or pipefitters, supervisory 
professional staff, or laboratory technicians. No direct information 
was available on total numbers of budgeted positions, vacancies, or 
turnover rates. The estimates also exclude the substantial needs for 
operators of the many Federal facilities. 

State agencies 

. SMS water pollution control agencies are not, by themselves, 
significant employers of sewage treatment plant operators, although 
this situation may change in the foreseeable future. For example, the 
Commonwealth of Puerto Rico has developed a system whereby all 
waste treatment plants are operated by an instrumentality of the 
Commonwealth government. Such a realinement of responsibilities 
should not materially affect the total numbers employed, although it 
would affect both employment classification (State versus local) and 
the ratio of operators to total employees. 

Sewage treatment plant operators employed to operate State-owned 
facilities are included under the “Local agencies.” Specific data on 
the number of such employees were not immediately available. 

Local agencies 

The FWPCA estimate prepared on the basis of numbers, sizes, and 
types of waste treatment plants indicates 16,600 operators are now 
employed. In comparison, the Water Pollution Control Federation 
estimates that 19,400 operators are now employed. These values 
compare with Bureau of the Census estimates that 70,000 persons are 
now employed by municipalities in the operation and maintenance of 
sewers, pumping stations, and treatment plants. The Bureau of the 
census vahie includes laborers and general maintenance staff. 

It is dim cult to make a meaningful appraisal of the accuracy of the 
Inst two estimates in the absence of direct sampling data. However, 
the met that both are of the same general magnitude and are compati- 
ble with the total employment statistics of the Bureau of the Census 
suggests they are reliable. The relatively low level of current employ- 
ment is due probably to the large number of small, quite simple treat- 
ment plants now m use in the United States. In many cases, the “oper- 
ator of such a plant has other municipal duties and devotes only a 
portion of his tune to the treatment plant. In contrast, larger munici- 
palities and sanitary districts have complex treatment plants which 
require essentially around-the-clock supervision by trained operators. 
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It is i '6 general impression of both State and federal experts in 
water pollution control that the current supply of trained operators is 
inadequate; however, this impression can be neither validated nor 
invalidated by available employment data. 

The predicted needs for trained operators for 1972 will be deter- 
mined to a large extent by the rate at which waste treatment plants 
are completed. The demands for operating personnel lag well behind 
construction appropriations. For example, several years are usually 
required to design and construct waste treatment plants. Thus, the 
major expansion in construction which is forecast for 1971 and 1972 
will not produce a concurrent demand for operators, (Tn contrast, the 
consulting engineer who must prepare the plans and oversee the con- 
struction has an immediate need for personnel.) 

Changes in technology certainly influence manpower requirements, 
but the net effect is not readily calculated. Large-size plants offer 
obvious economies of scale; however, demands for a higher degree of 
reliability and more complete treatment may balance out this gain. 
Automation can also be expected to reduce personnel needs. This 
reduction would probably affect overall employment to a greater 
extent than the need for trained operators; that is, fewer people but 
higher skills. 1 

It is estimated that employment of sewage treatment plant oper- 
ators by local agencies will increase to approximately 30,000 by 1972. 
lhis estimate is based on the premise that, by 1972, 80 percent of 
the communities now discharging sewage without treatment will 
have constructed secondary treatment plants; that 60 percent of 
today s primary treatment plants will have been upgraded to sec- 
ondary treatment; and that additions to present plants will be suffi- 
cient to service two-thirds of the estimated population increase. It 
is further assumed that the improvements in automation and scale 
economies for large plants will balance the demands for increased 
reliability and, in some instances, demands for tertiary treatment. 

Industrial waste treatment 

Industries, like municipalities, are laced with growing problems in 
the treatment of wastes. In many cases, industry will elect to connect 
their plants to municipal systems and to turn the job of waste treat- 
ment over to a municipality. However, there are many situations in 
which this is not practical nor economically feasible, ft is estimated 
that there are presently about 6,000 major industrial plants in the 
United otates which generate significant quantities of liquid waste. 
About 25 percent of these plants now discharge wastes into municipal 
sewers; 25 percent provide adequate treatment through their own 
facilities; and 50 percent discharge wastes without adequate treatment. 

A reasonable prediction of industrial growth indicates that approxi- 
mately 2,800 industrial waste treatment plants will be constructed 
and staffed during the next 5 years. It is estimated that this construe- 
tion will require an additional 8,500 operators by 1972. This estimate 
is based on plant operator requirements similar to those of municipal 
treatment plants. 

Total manpower needs 

Estimated manpower needs for all classes of employees are sum- 
marized on table I. 
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TABLE I, —ESTIMATES OF MANPOWER REQUIREMENTS 





Fiscal year 1967 


Fiscal year 1972 








Sewage 

treat- 


Professionals 


Technicians 


Sewage treatment 


Employars 


Profes- 


Tech- 














plant operators 


ment 






















sionals 


nicians 


plant 


Esti- 




Per- 






Per- 






Per- 








op«r- 


In- 


cent 


Esti- 


In- 


cent 


Esti- 


ln- 


cent 








ators 


mate 


crease 


in* 


mate 


crease 


in- 


mate 


ctease 


In- 














crease 






crease 






crease 


State agencies 


1,368 


317 




3,422 

5,550 


2,054 

3,250 


150 


980 


633 


209 








Local agencies 


2,250 


2,250 


20,000 


144 


5, 500 


3,250 


144 


30,000 


10,000 


50 


Subtotal »... 


3,600 


2,600 


20,000 


9,000 


5,400 


150 


6, 500 


3,900 


150 


30,000 


10,000 


50 


Industrial waste 




treatment 


1,700 


1,700 


3, 500 


6,000 


4,300 


253 


6,000 


4,300 


253 


12,000 


8,500 


243 


Consulting engi- 


neers 3 


6,000 


6,000 




21,000 


15,000 


250 


21,000 


15,000 


250 


















Total i 


11,300 


10,300 


23, 500 


36, 000 


24,700 


219 


33,500 


23,200 


225 


42,000 


13,500 


80 



> Number's are rounded. 

3 Estimated by Black ( Veatch, consulting anginsars. 
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Part III. Educational and Training Needs 

The educational and short-term training needs of the clean water 
program are extremely varied. They extend from self-help, on-the-job 
training ior sewage treatment plant operators, to post-doctoral edu- 

i ,f clentls f s , an ^ engineers in research and administration, 
similarly, the need for training extends to all classes of employers— 
otate and local agencies, consulting engineers, Federal agencies, and 
suppliers of chemicals and equipment. Training efforts are also con- 
cerned with the upgrading and updating of skills of currently employed 
personnel; with the provision of labor pools from which to recruit new 
employees; and with the provision of specialized skills for employees 
recruited from other professional or skill areas. For example, short- 

course training can provide a civil engineer with basic skills in water 
pollution control. 

• 'jkf l ev , e ls of training and experience of employees is a major factor 
determining both the success and cost of the Nation’s clean water 
enort. Administrative and research programs must be imaginative 
and provide effective tools with which to meet constantly changing 
problems. Treatment plants must be designed to modern standards of 
erlectiveness and reliability and must utilize the best possible tech- 
niques. Laboratory examinations must be reliable, accurate, and as 
inexpensive as possible. Treatment plants and sewer systems must be 
operated and maintained at their designed operating efficiency. The 
degree to which these goals are attained will be determined to a 
om* 1 by the degree of training of the many types of 

professional employees 

. A roviow of projected needs for trained professional personnel 
indicates the following needs by 1972: State agencies, 2,000 profes- 
sionals; local agencies, 3,250 professionals. 

Agencies will attempt to fill their needs through (1) recruitment of 
nevr graduates, (2) recruitment from allied fields, and (3) recruitment 
. lrom other agencies. State and local agencies must compete with other 
potential employers such as consulting engineers and supply firms. 

J he needs of these organizations are predicted to exceed those of the 
State and local agencies. The demand for professional personnel 
consists of two elements, the total supply of professionals and those 
with specialized training in water pollution control. 

rhe general supply of engineers available to all employers indicates 
shortages and a competitive employment situation. The Engineering 
Manpower Commission of the Engineer’s Joint Council, for example, 
indicated that the total demand for engineers for the 1965-76 period 
should exceed supply by 70 percent. This would create a major 
imbalance m the engineer supply — demand balance, and would require 
that btate and local personnel systems be competitive with industry 
and Federal agencies. 

/&/ 17 
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The following discussion deals only with the formal education in the 
specific water pollution control field. This recognizes that specialized 
training is needed in many elements of the water pollution control 
field and that disciplines other than the specialists are also used in 
substantial numbers; that is, civil engineers for construction programs 

Formal training 

The clean water programs draw upon a wide range of professional 
talents, includings anitarye ngineering, microbiology, aquatic biology, 
chemistry, chemical engineering, and marine biology. In many cases, 
extensive training in water pollution control subjects may be needed. 
However, there are many instances in which the required skills are 
more directly allied with another discipline; as, for example, chemistry, 
or microbiology. The data on current State employment indicate 
that about one-half of these professional employees are in the various 
engineering fields and the other half are in other professional disciplines. 
This broad spectrum of educational requirements makes it difficult 
to make a definitive projection on specific training needs. 

This is not an unusual situation. For example, when the space 
program started, there were very few “space scientists.” However, 
many professionals were attracted by the challenge of the project, 
and a major space program was undertaken. It appears that the pro- 
fessional supply for the water pollution control programs is in a similar 
situation. These programs are challenging and now have widespread 
public support. Positions apparently can and are being filled where 
salary levels are competitive and where adequate job opportunities 
exist. For example, the 1966 Annual Report of the Office of Water 
Resources Research notes that the universities participating in the 
OWRR program obtained 249 new staff and 56 staff replacements. 
The Federal Water Pollution Control Administration has also been 
generally successful in its recruitment efforts, and several States 
indicate relatively low recruitment needs. 

Information on levels of training required for future employees 
was net provided by the State administrators. However, the earlier 
study made by the Committee on environmental Health Problems, 
Public Health Service, Department of Health, Education, and Wel- 
fare, indicated that approximately 70 percent of the staff should be 
expected to have advanced degrees. This conclusion can be compared 
with the results of a Stanford Research Institute study of a major 
California aerospp s company. This study found that only 13 percent 
of the scientist ana engineers had advanced degrees as compared 
with 52 percent with bachelor’s degrees. 1 The projection is also at 
variance with industry’s experience which exerts a maximi ( n demand 
for high educational levels in the early developmental stages of a 
program, with diminishing demand as a project enters production 
phases. 

The technical problems of water pollution control are becoming 
more complex, and there is a clear qualitative trend toward require- 
ments for higher levels of formal education, both in terms of degree 
level and in scope of training. Congress has recognized this need, as 
it relates to water resources, through enactment of the Water 



“^Applying Technology to Unmet Needs/' appendix 5/ the Report of the Commission on Technology 
and the American Economy, U.S. Government Printing Office, February 1960. 
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Resources Research Act of 1964 (Public Law 88-379) and its amend- 
ments in 1966 (Public Law 89-404). In 1966, institutions partic- 
ipating in this program graduated 3,168 students with bachelor’s 
degrees; 1,206 with master’s degrees; and 353 with doctoral degrees. 
I he enrollment in participating institutions during the 1966-67 
school year was 13,650 as compared with 8,958 during the 1964-65 
school year. It thus appears, that a substantial cadre of personnel 
trained, in water resources is developing and that enrollment is 
increasing. 

There is no evidence' at the present time that the steps, taken by 
the Congress to assure a sufficient number of specially trained pro- 
fessionals in the water resources field, are inadequate. Similarly there 
is no evidence that significant personnel shortages are apt to develop 
in State or local agencies; ‘providing salary levels and employment oppor- 
tunities are competitive. 

Short-course training 

Short-course training offers the best potential for updating of pro- 
fessional skills and for development of specialized skills in personnel 
recruited from allied fields. The complex nature of the water pollution 
control field requires that such courses cover a wide range of subjects 
from basic water-pollution control skills to analytical cnemistry pro- 
cedures. The rapid rate of technical change in the water pollution 
control field is such that there is probably a sound justification for 
each professional employee attending at least 1 week of short-course 
training per year. State and local agencies report a total professional 
employment of 3,618 persons; however, the short-term training courses 
offered by the FWPCA for fiscal year 1968 are projected to reach only 
about 1,000 students. This latter value includes employees of Federal 
agencies and industries. 

TECHNICIANS 

Formal training 

Technicians are generally recruited from technical-vocational 
schools and junior colleges. Types of training which are required 
include a great variety of subjects from data processing to operation 
of sophisticated analytical chemical equipment. Data on specific 
vacancies and training needs for this class of employees are not now 
available. 

In general, training programs which have been offered by schools 
have not been directly associated with the water pollution control 
programs, although, they have offered a wide variety of courses useful 
to technicians employed in this field. Development of additional well- 
identified courses directly related to water pollution control should 
have the effect of encouraging their graduates to seek employment in 
the clean water field. 

Short-course training 

The need for specialized skill development of technicians covers an 
exceedingly wide range of subjects from drafting and data analysis 
to that of an assistant in chemical and microbiological laboratories. 
Substantial opportunities also exist for upgrading skill levels of tech- 
nicians and thereby reducing the professional-technician ratios, to 
obtain greater productivity from the present supply of professional 
personnel. 
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